Abstract: Besides the benefit of combining the imaging methods electroencephalography (EEG) and magnetic resonance imaging (MRI), much effort has been spent to develop algorithms aimed at successfully cleaning the EEG data from MRI-related gradient and ballistocardiological artefacts. However, previous studies have also shown a negative influence of the EEG on MRI data quality. Therefore, in the present study, we focussed for the first time on the influence of the EEG on morphometric measurements of T1-weighted MRI data (voxel-and surfaced-based morphometry). Our results delivered a strong influence of the EEG on cortical thickness, surface area, and volume as well as subcortical volumes due to local EEG-related inhomogeneities of the static magnetic (B0) and the gradient field (B1). In a second step, we analyzed the signal-to-noise ratios for both the anatomical and the functional data when recorded simultaneously with EEG and MRI and compared them to the ratios of the MRI data without simultaneous EEG measurements. These analyses revealed consistently lower signal-to-noise ratios for anatomical as well as functional MRI data during simultaneous EEG registration. In contrast, further analyses of T2*-weighted images provided reliable results independent of whether including the individuals' T1-weighted image with or without the EEG cap in the fMRI preprocessing stream. Based on our findings, we strongly recommend to not use the anatomical images obtained during simultaneous EEG-MRI recordings when there is an additional need or interest to focus on separate anatomical data analysis. This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. 
Introduction
Magnetic resonance imaging (MRI) techniques as well as electroencephalographic (EEG) measurements are well established and widely used in the field of clinical and cognitive neuroscience. To benefit from both the high spatial resolution of the MRI and the high temporal resolution of the EEG, bringing together these two imaging methods has gained increasing interest and advantages in the past few years. Much work has been done to develop algorithms aimed at successfully cleaning EEG data from MRI-related ballistocardiological and gradient artefacts (Herrmann and Debener, 2008; Ritter and Villringer, 2006) . However, previous studies have shown that the EEG electrodes and even the composition of EEG equipment such as the electrode paste have a negative influence on MRI data quality (Bonmassar, 2001) . In particular, the interaction of the magnetic field and the EEG channels lead to susceptibility artefacts, which create magnetic field inhomogeneities and hence cause a signal loss in the MRI data. In this context, Mullinger and colleagues (Mullinger et al., 2008) showed that an increasing number of electrodes (32 and 64 channel net) as well as an increasing magnetic field strength (1.5, 3, and 7 Tesla) lead to both B 0 and B 1 field perturbations that result in a decreasing signal intensity of the functional images in the affected regions. In addition, the strongest perturbations of the B 1 , B 0 , and the anatomical sequences were reported to be mainly driven by the electrocardiography (ECG) and the electrooculography (EOG) leads passing along the head (Mullinger et al., 2008) .
Today, the usage of high-density EEG systems has become increasingly popular due to the benefit in source localization (Michel et al., 2004) . Recently, Luo and Glover (Luo and Glover, 2012) tested the influence of a dense-array EEG system with 256 electrodes (the same system as used in the present study) on data quality of T2*-weighted functional and T2-weighted structural MRI sequences. Their findings reveal a significant reduction of the T2-weighted anatomical signal due to a shielding effect of the conducting wires, especially over
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5 occipital regions where all the wires of the net come together. However, the signal-to-noise ratio (SNR) of the functional data with and without the EEG cap was comparable.
To the best of our knowledge, here we provide first evidence for the influence of a highdensity EEG net on T1-and T2*-weighted (echo-planar) images at 3 Tesla. In particular, the influence of EEG electrodes on structural data analysis such as surface-and voxel-based morphometry was tested. In addition, B 0 and B 1 maps were recorded to examine whether a putative destructive effect on data quality arises from magnetic inhomogeneities of the static magnetic field or of perturbations of the radio frequency (RF) pulse. Furthermore, we tested whether including the individual T1-weighted image with and without the EEG cap in the spatial normalization step of the fMRI preprocessing has any influence on the localization of functional activity.
Methods
The present study is divided into a structural and functional part. In the structural part, the influence of a high-density EEG net (256 channels) on the quality of the T1-weighted magnetic resonance imaging (MRI) scans was investigated. First, we evaluated the influence of the EEG net on common morphometric features of T1-weighted MRI data such as cortical thickness and cortical surface area (derived from surface-based morphometry), subcortical volumes (derived from subcortical segmentations), as well as on voxel-wise probabilistic grey matter density (derived from voxel-based morphometry). Subsequently, we investigated the influence of the EEG net on the spatial signal-to-noise ratio (SNR) of the T1-weighted images, as well as on the homogeneity of the static magnetic (B 0 ) and the gradient field (B 1 ).
In the functional part of our study, the influence of the EEG net on the blood oxygenation level dependent (BOLD) signal was investigated, of both resting-state data as well as during a
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6 simple auditory task. Here, we further assessed the influence of the EEG net on the temporal SNR. In addition, we also highlight the bias that is introduced into the spatial normalisation procedure of functional MRI scan time series when transformations are estimated based on the distorted T1-weighted image acquired while participants wore the EEG cap.
Subjects
Thirteen young subjects (seven women and six men) with a mean age of 28.2 years (standard deviation, SD = 3.02 years) participated in the structural part of the study. To evaluate any influence of T1-weighted images with and without the EEG cap on functional data, we recorded T2*-weighted images of 7 minutes resting state (without auditory stimulation, the control condition) with eyes open and a block of 6 minutes of auditory stimulation, the first movement of "A little night music" by W. A. Mozart) on six of the thirteen subjects from the T1 recordings (one man, five women) with mean age of 23.5 years, SD = 2.69 years. A functional T2*-weighted sequence (for a seed-based analysis of 5 minutes resting state data) and B 0 maps were recorded on five other subjects (one woman and four men with a mean age of 32.8 years, SD = 5.6 years). Five additional subjects (four women and one man with a mean age of 28 years, SD = 7.3 years) participated in the third part of data collection, with which the homogeneity of the B 1 field map was investigated. Except two men and one woman who participated in the T1 recordings, all other subjects were consistently right-handed as assessed by personal communication. Table 1 gives an overview about the recorded sequences and how many subjects were measured. Participants had no neurologic or psychiatric disease, showed no neuropsychological problems, and denied taking drugs or any illegal medication. The local ethics committee approved the study protocol and written informed consent was obtained from all participants.
A C C E P T E D M A N U S C R I P T The B 1 field was also mapped using a T1-weighted FFE sequence. The B 1 map was calculated by the MRI scanner software using a dual repetition method, the actual flip angle method (AFI) (Yarnykh, 2007) , with TR = 30.0/150 ms and flip-angle  = 60°. Further imaging parameters were: FOV = 400 × 400 x 120 mm 3 , echo-time TE = 2.2 ms, spatial resolution of 5.9 x 6.0 x 12.0 mm 3 (acquisition matrix 68 × 67 pixels, 20 slices); total acquisition time was 3 min 40 s.
Electroencephalographic system
MR images were recorded with and without the presence of a MR-compatible (field isolation containment) high-density EEG Geodesic Net Amp system with 256 channels (Electrical Geodesics, Eugene, Oregon). Electrode cables run down along the subjects back, leaving the A C C E P T E D M A N U S C R I P T
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9 scanner parallel to the subjects' legs. Before EEG cap application, the sponge-equipped electrodes were soaked with salted water (potassium chloride) and shampoo, as done during usual EEG recordings, to achieve best possible electrical conductivity. The distribution of the electrodes on the scalp is depicted in Supplementary Figure 1 .
Surface-based morphometry (SBM)
Differences in cortical morphological features such as cortical thickness, cortical surface area, and cortical volume between the conditions with and without the EEG cap were evaluated by using surface-based morphometry (SBM). Cortical surface reconstruction, cortical parcellation, as well as subcortical volumetric segmentation were performed with the FreeSurfer image analysis suite (version 5.3.0), one of the commonly used surface-based morphometric tools, which is documented and freely available online (http://surfer.nmr.mgh.harvard.edu). The technical details of these procedures are described in prior publications (Fischl et al., 1999a; Fischl et al., 2001; Fischl and Dale, 2000; Fischl et al., 2002; Fischl et al., 2004a; Fischl et al., 1999b; Fischl et al., 2004b) . The 3D structural T1-weighted MRI scan was used to construct models of each subject's cortical surface in order to measure cortical thickness and cortical surface area. This fully automated procedure comprised segmentation of the cortical white matter (Fischl et al., 1999b) , tessellation of the grey/white matter junction, inflation of the folded surface tessellation patterns (Fischl et al., 1999a; Fischl et al., 1999b) and an automatic correction of topological defects in the resulting manifold (Fischl et al., 2001) . This surface was then used as starting point for a deformable surface algorithm designed to find the grey/white and pial (grey matter / cerebrospinal fluid (CSF)) surfaces with sub-millimetre precision (Fischl and Dale, 2000) . The procedures for measuring cortical thickness have been validated against histological analysis (Rosas et al., 2002 ) and manual measurements (Kuperberg et al., 2003; Salat et al., 2004) . This method uses both intensity and continuity information from the surfaces in the deformation procedure
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10 in order to interpolate surface locations for regions in which the MRI image is ambiguous (Fischl and Dale, 2000) . For each subject, cortical thickness of the cortical ribbon was computed on a uniform grid (comprised by vertices) with 1 mm spacing across both cortical hemispheres, with the thickness being defined by the shortest distance between the grey/white and pial surface models. Cortical area was estimated by computing the area of each vertex in a standardized, spherical atlas space surface tessellation and mapped back into the individual subject space. The calculation of cortical volume is a vertex-wise multiplication of cortical thickness and cortical area. The thickness and area maps produced are not limited to the voxel resolution of the image and thus sensitive for sub-millimetre differences between groups (Fischl and Dale, 2000) . The way in which the resolution of the cortical maps goes beyond the resolution of the original acquisition is conceptually similar to a (conventional) partial volume correction procedure. The cortex is smooth at the spatial scale of several millimetres, which is imposed as constraint by FreeSurfer to estimate the location of the surface with subvoxel accuracy. For instance, if a given voxel is darker than its neighbouring grey matter it probably contains more CSF and so the surface model is at a slightly different position than if the neighbouring voxels were brighter and therefore contain probably more white matter. Cortical thickness, surface area, and volume measures were mapped to the inflated surface of each participant's brain reconstruction, this allowing visualization of data across the entire cortical surface (gyri and sulci) without the data being obscured by cortical folding. Data were resampled for all subjects and rendered onto a common spherical coordinate system (Fischl et al., 1999a) . Then a surface-based vertex-wise cortical thickness, surface area, and volume map were computed for each participant. For the whole-brain vertex-wise analysis, the data were smoothed on the surface tessellation using an iterative nearest-neighbour averaging procedure with 148 iterations on the left hemisphere and 147 iterations on the right hemisphere, corresponding to a 2D surface-based diffusion smoothing kernel with a full with at half maximum (FWHM) of about 15 mm.
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In addition, the cerebral cortex was parcellated into units based on gyral/sulcal structure as implemented in FreeSurfer (Desikan et al., 2006; Destrieux et al., 2010; Fischl et al., 2004b) and the subcortical brain structures were fully-automatically segmented into regions of interest (ROIs), of which the volumes were computed.
Voxel-based morphometry (VBM)
Differences in probabilistic grey matter volume between the cap and noncap condition were evaluated by using VBM (Ashburner and Friston, 2000; Good et al., 2001 and spatial normalization (affine and warping) were performed using unified segmentation (Ashburner and Friston, 2005) combined with SPM8's "new segmentation approach". For spatial normalization, the diffeomorphic anatomical registration using exponentiated lie algebra (DARTEL) approach was used (Ashburner, 2007) . Canonical a priori maps (ICBM 452 T1-weighted) implemented in SPM8 were used as reference templates. (3) To enhance tissue class segmentation, Hidden Markov Random Field (HMRF) modulation was applied (http://dbm.neuro.uni-jena.de/vbm/markov-random-fields/) (Cuadra et al., 2005) . (4) To investigate absolute volumes, the warped images were voxel-wise multiplied with the Jacobian determinant of the deformations (linear as well as nonlinear terms were modulated).
(5) The resulting Jacobian and HMRF modulated and segmented GM images were smoothed with a Gaussian kernel of FWHM = 9 mm and the additional smoothing introduced during the modulation process was about FWHM = 3 mm.
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Preprocessing of resting state fMRI data
Functional MRI data were preprocessed with DPARSF toolbox (version 2.0) (Chao-Gan and Yu-Feng, 2010) using functions of SPM 8 (www.fil.ion.ucl.ac.uk/spm/software/spm8). The following steps were realised: 1) slice timing correction, 2) realignment, 3) linear and nonlinear normalization onto a standard EPI template, 4) voxel re-sampling to 2 x 2 x 2 mm 3 , 5)
smoothing with a Gaussian kernel of 8 mm full width at half maximum, 6) detrending , 7) filtering (such that frequencies 0.01 < f < 0.08 Hz passed the filter), 8) regressing out the variance of nine nuisance covariates: six parameters from head motion correction (three translation, three rotation parameters) as well as the global mean signal, white matter signal and cerebrospinal fluid signal based on standard masks implemented in SPM 8. Local maxima MNI coordinates for the precuneus / posterior cingulate cortex (classical seed region for the default mode network) were obtained from a study published by Greicius and colleagues (Greicius et al., 2003) . Next, 5-mm radius spherical ROIs were created centred on the respective coordinates (MNI; 5, -51, 27 for right precuneus and -5, -51, 27 for left precuneus)
using Wake Forest University Pickatlas toolbox (Maldjian et al., 2003) . We used combined seed ROIs incorporating both right and left hemispheric parts of the precuneus. For both seed ROIs, mean signal time course was computed and used as regressor in a voxel-wise resting state functional connectivity (rsFC) analysis using functions of REST toolbox 1.6 (Song et al., 2011) . For each subject and each seed ROI, one whole-brain correlation map was obtained (first-level). Next, each map was r-to-z-transformed to yield normal distribution for parametric group analysis (second-level).
Preprocessing of auditory task-related fMRI data
To find any putative influences of the anatomical image with and without the EEG cap on fMRI preprocessing, a session of auditory stimulation (block of six minutes) was contrasted
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13 against resting state (eyes open, block of seven minutes). A standard preprocessing procedure was applied on the functional data. Images were realigned and unwarped (B 0 map was calculated from the functional data) using field map to correct for motion and susceptibility artefacts and motion-by-susceptibility interactions (Andersson et al., 2001; Hutton et al., 2002) . To investigate a putative bias of the EEG cap on the spatial normalization procedure of the functional data time series, in two different analyses, the individual T1-weighted images recorded with and without the EEG cap were transformed separately on a T1-template in MNI space, using the unified segmentation approach by Ashburner and Friston (Ashburner and Friston, 2005) . The data were spatially smoothed with a FWHM of a 8mm Gaussian kernel.
First level analysis on the individual level was performed using a general linear model. The design matrix included two conditions, namely an auditory control condition (resting state with eyes open) and an auditory stimulation. Furthermore, the standard hemodynamic response function as well as a standard high-pass filter (128s cut-off) was applied. To test for statistical significant voxels, a second-level analysis was calculated with t-statistics against zero for within group effect. Afterwards, the resulting statistical parametric maps of fMRI analyses including the anatomical image either with or without the cap in the spatial normalization step across subjects were overlaid and visually inspected and compared. In addition, a mean image was created for the T1-weighetd images of all subjects with the EEG cap and a mean image for all anatomical images without the cap and overlaid to visualize anatomical differences between the T1-weighted image with and without the EEG cap (see Figure 4 ).
Computation of the SNR
The spatial white matter SNR of the T1-weighted images was computed by FreeSurfer's quality assessment (QA) tools (http://ftp.nmr.mgh.harvard.edu/fswiki/QATools) using the
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14 "wm-anat-snr" function. Voxels that has been labelled by FreeSurfer automatic segmentation procedure (see aparc+aseg.mgz file) as cerebral, cerebellar, and callosal white matter as well as voxels labelled as white matter hypointensities were considered for spatial SNR computation. With this tool, the spatial SNR has then been computed by dividing the mean intensity value of all voxels within the above-mentioned labels by the SD of these white matter voxels. The spatial gray matter SNR values were provided by the common FreeSurfer processing stream (as described in 2.4) from the "lh/rh.w-g.pct.stats" and the "aseg.stats" file.
As described for calculation of the white matter SNR, voxels that has been labelled by 
Preprocessing of B 0 field map
The following preprocessing steps were applied to the B 0 field map: 1) The magnitude images of both the cap and noncap condition, which are in the same space as the corresponding B 0 maps, were spatially normalised onto the T1-weighted template delivered with the SPM software using both linear and nonlinear transformations. 2) These transformations were applied to the B 0 map of the cap and noncap condition, respectively.
3) The B 0 maps were then smoothed using a Gaussian kernel of FWHM = 8 mm. Effect size was calculated based on Cohen's d using pooled variance of the local minimum or maximum of the cluster with the lowest and that with the highest p-value.
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Preprocessing of B 1 field map
The following preprocessing steps were applied to the B 1 field map: 1) One of the magnitude images of the noncap condition, which is in the same space as the corresponding B 1 map, was co-registered to the subjects T1-weighted image derived from the noncap condition and these transformations were applied to the noncap B 1 map. 2) One of the magnitude images in the cap condition, which is also in the same space as the corresponding B 1 map, was co-registered to the co-registered magnitude image from the noncap condition (step 1) and these transformations were applied to the cap B 1 map.
3) The T1-weighted image was spatially normalised onto the T1-weighted template delivered with the SPM software using both linear and nonlinear transformations and these transformations were applied to both co-registered B 1 maps. 4) The B 1 maps were then smoothed using a Gaussian kernel of FWHM = 8 mm. Effect size was calculated based on Cohen's d using pooled variance of the local minimum or maximum of the cluster with the lowest and that with the highest p-value.
Individual B 0 and B 1 analysis
In order to investigate individual differences of the B 0 and B 1 field maps dependent on if the subject wore the EEG cap in the scanner or not, we computed voxel-wisely a mean and a SD map (whole head) across all subjects of the B 0 and B 1 field map in the noncap and the cap condition, respectively. Afterwards, the individual B 0 and B 1 field maps of the cap condition were z-transformed using the mean and SD of the noncap condition, reflecting the cap > noncap contrast of the group analysis. The individual B 0 and B 1 field maps of the noncap condition were analyzed accordingly and z-transformed using the mean and SD of the cap condition, representing the noncap > cap contrast of the group analysis.
Statistical analyses
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For all imaging data, vertex-or voxel-wise general linear models (GLM) for repeated measures were applied using either parametric testing (SBM, resting state fMRI, B 0 and B 1 map) or permutation-based non-parametric testing (VBM) that also corrects for multiple comparisons across space. For VBM data, the threshold free cluster enhancement (TFCE) technique was used in addition (Smith and Nichols, 2009 ).
For the SBM data, a GLM based on parametric statistics was applied within FreeSurfer software (mri_glmfit tool) without using TFCE. Error probability was set at p < 0.05 combined with a false discovery rate (FDR) correction (see Figure 1 , Supplementary Figure 2 and 3). For the VBM data, a GLM based on non-parametric statistics was applied within FSL software (randomise tool) using TFCE. Error probability was set at p < 0.05 combined with permutation-based corrections for multiple comparisons across space (see Supplementary   Figure 4 ).
For the B 0 and B 1 field maps, GLMs based on parametric statistics was applied within SPM software (paired t test) without using TFCE (see Figure 3) . Here, we did not apply any correction for multiple comparisons for several reasons. The sample size was rather small (n = 5), the B 0 and B 1 field maps showed differential effect sensitivity, and also in order to decrease the beta error probability, i.e. the probability to miss an effect that is real.
For the resting state fMRI data, a voxel-wise one-sample t test examining whether the correlation coefficient (z-value) was different from zero, indicating positive resting state functional connectivity (rsFC) was applied within the SPM software (see Figure 2 ).
Furthermore, a paired t test was computed between the two conditions (with versus without the EEG cap) to test for putative significant effect of the EEG cap on rsFC. In order to find significant voxels in auditory stimulation condition, an one-sample t test against zero was performed. This t test was performed twice, once for the preprocessed data including the individual T1-weighted image with the EEG cap in the spatial normalisation step and once for the control condition, i.e. the data with the individual anatomical image without the EEG cap
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17 included in the normalization step. For visualization, we have then overlayed the respective statistical parametric maps of the cap and the noncap condition (see Figure 4A ).
For the comparisons of global brain measures, volumes of subcortical structures, and the SNR of the T1-weighted images, IBM SPSS statistics 20 was used (SPSS, an IBM company, Armonk, New York) without any correction for multiple comparisons.
Results
The measurement of cortical thickness with the T1-weighted MR data show an increased cortical thickness of approximately 0.14 mm in frontal regions of the left and 0.17 mm of the right hemisphere and a strong decrease over the temporal lobe of -0.25 mm in the left and -0.29 mm in the right hemisphere (paired t test, FDR = 0.05), when subjects wear the EEG cap in the scanner (see Fig. 1 ). These values are in the range of around 10% of the averaged cortical thickness in humans (Han et al., 2006; Sowell, 2004) . The influence of the EEG cap also yields a negative effect on volumetric measurements of subcortical structures (see Supplementary Table 1 -3) as well as on cortical volume and surface area measurements (data shown in Supplementary Fig. 2 and 3) . Analysis of the voxel-based morphometry delivered comparable results (see Supplementary Figure 4) . A consistent influence of the EEG cap on cortical thickness of every single subject that entered the group level surface-based analysis is depicted in Supplementary Figure 5 . 
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In contrast to the findings reported by Luo and Glover (Luo and Glover, 2012) , the evaluation of the SNR for both the structural (spatial SNR) and functional (temporal SNR) images revealed a significantly consistently higher value for the measurements when subjects did not wear an EEG cap compared to when wearing the net (T1-weighted images: mean spatial SNR of white matter without cap: 24. Results of the seed-based analysis of resting state activity with respect to the precuneus (MNI; 5, -51, 27 for right precuneus and -5, -51, 27 for left precuneus) as part of the default-mode network (DMN) are depicted in Figure 2 (one-sample t test against zero, T 9 = 4.29, p < 0.001
for the cap as well as the non-cap condition, uncorrected). Correlations are comparable with and without the EEG cap and hemodynamic activity was found at typical DMN locations, such as the precuneus/retrosplenial cortex, the anterior cingulate cortex, the posterior cingulate cortex, and the medial prefrontal regions (Raichle et al., 2001) . A paired t test between the two conditions did not reveal a significant difference in terms of hemodynamic fluctuations. 
A C C E P T E D
Discussion
In order to extend the current knowledge about the influence of a high-density EEG cap on MRI data quality, we recorded T1-and T2*-weighted images as well as B 0 and B 1 field maps of subjects during both a simultaneous EEG-MRI measurement as well as with MRI only. To this end, we analyzed both the functional and anatomical data in conventional ways often used in the neuroscientific community (see Methods).
Analysis of the SNR showed a consistent reduction for both the functional and structural data, which is in line with previous studies (Mullinger et al., 2008; Vasios et al., 2006) . Therefore, we conclude that with a reduced SNR, weaker brain activation might get overlooked in simultaneous EEG-fMRI recordings in contrast to sole fMRI data acquisitions and thus, important findings might get disregarded by conservatively correcting the p-value.
Regarding the T1-weighted images, we observed a strong effect of the EEG cap on structural morphometric measurements, in particular over the frontal and temporal lobes, which was more pronounced on the right hemisphere (see Figure 1) . The observed effect amounted to approximately 10% of the average cortical thickness in humans (Han et al., 2006; Sowell, 2004) , reflecting a strong decrease in data quality. By comparing the results of cortical volume morphometric measure, which is a simple vertex-wise multiplication of cortical thickness and surface area, it becomes obvious, that the EEG cap leads to an increased vertical orientation (i.e. cortical thickness, Fig. 1 ) of disturbance of the MR signal rather than a horizontal one (i.e. surface area, Suppl. Fig. 2 ). This, in turn, explains the increased influence of the cortical thickness on the volume measures (Suppl. Fig. 3 ) compared to the area measures.
In addition to the anatomical images, inhomogeneities of the B 0 and B 1 field maps were observed, showing that the EEG cap has a negative impact on both the static magnetic field as
well as the radio frequency (RF) pulse, as has been reported in a previous study by Mullinger and colleagues (Mullinger et al., 2008) . Comparing the affected brain regions of the T1-weighted images with perturbations of the B 0 and B 1 field maps (see Figure 3) , regional consistencies arise. In this context, inhomogeneities in the gradient field seem to lead to a decreased cortical thickness over the temporal lobe, whereas the increase in cortical thickness of frontal regions caused by the EEG cap seem to be ascribed to the frontal disruptions of both the B 0 and the B 1 field map. Thus, the interplay between the affected static magnetic field and the RF pulse seems to affect the anatomical image. A possible explanation for this finding might be that high frequencies such as the RF pulse (128MHz at 3T) induce currents in the electrodes and/or electrode wires. Thereby, the resulting electro-magnetic fields interact with the B 1 field, leading thus to local changes of signal intensities. On the other hand, the electrically conductive material in the EEG cap as well as eddy currents in the electrodes induced by the gradient field might also cause perturbation of the static magnetic field B 0 . In the previous study by Mullinger and colleagues (Mullinger et al., 2008) , frontal and parietal perturbations of the B 0 field maps appeared to be risen by ECG and EOG leads in contrast to inhomogeneities in the B 1 maps resulting from single electrodes that increase in severity with field strength. This finding cannot be supported by our results since the EEG system used in the present study does not include extra EOG and ECG leads passing the subjects' heads.
Moreover, the electrodes of the EEG cap are evenly distributed over the head (see Supplementary Figure 1 during data acquisition, in particular at the borders between different tissues. As depicted in Figure 4B , the inaccurate assignment of voxels to brain tissue types cannot be corrected by applying standard normalization processing. In order to exactly explain or to find a way to reduce or compensate the anterior-posterior and left-right asymmetry of the signal intensities of the B 1 and B 0 maps, information about the local differences in the electromagnetic field distributions are needed, which would require a full electromagnetic field simulation of the RF shield, the RF coil as well as a head model with and without the EEG cap. This is out of scope for this publication (for first steps of B 1 and B 0 map improvement, see (Katscher and Bornert, 2006; Schneider et al., 2013) ). In this context, another aspect worth to be mentioned is a putative influence of changes of the impedance of the electrodes during measurement, which might affect data quality of the MRI images. Due to ventilation in the scanner, frontal electrodes are expected to dry out first, leading to an increased impedance and thus to a worse signal quality of the EEG. Whether such changes of impedance values might lead to changes in MR signal quality was not tested here and remains an open question.
A comparison of the T2*-weighted images did not reveal the EEG cap having an impact on the localization of brain activity for either the seed-based analysis of the resting state data or on the involvement of the individual T1-weighted images with and without the EEG cap in the spatial normalization step of the fMRI preprocessing. Thus, in contrast to the anatomical data, the worse spatial resolution of the functional images (3x3x3mm 3 ) leads to a decreased sensitivity of an inaccurate assignment of brain tissue to the respective voxel.
Conclusion
In summary, our findings reveal a strong sequence-dependent influence of high-density EEG caps on MRI data quality. Our results report a decreased SNR for both the anatomical and functional sequence during a simultaneous recording of EEG and MRI, as well as reliable results for the localization of brain activity for the functional data, but also a strong influence of the EEG cap on morphometric measurements. Based on these facts, we strongly advice against the measurement of T1-weighted images simultaneously with high-density EEG caps, despite the benefit on time and as long as no final solution has been found for correcting the artefacts caused by the EEG setup. Even though this study provides new insights on the interaction of high-density EEG caps and MRI data, we want to emphasize that our findings are restricted to the field strength and particular EEG setup used in this work. However, as suggested by Mullinger and colleagues (Mullinger et al., 2008) , a decreased destruction of anatomical images might be expected with fewer electrodes and reduced field strength. To draw any final conclusions regarding this issue, further studies are needed.
